Objective: Examine how the physical cafeteria environment contributes to 6-to 8-year-olds' school food consumption. Design: Cross-sectional observational study. Before-and-after lunch tray photos taken with iPads to capture food selection and consumption. Setting: 10 New York City public elementary school cafeterias. Participants: A total of 382 students aged 6À8 years who ate lunch in the cafeteria on observation days. Main Outcome Measures: Fruit, vegetable, or whole-grain consumption. Analysis: Pearson's chi-square and multivariate logistic regression assessed associations between cafeteria environmental factors (time to eat lunch, noise, and crowding) and vegetable, fruit, and/or whole-grain consumption with 95% confidence, adjusted for school-level demographics and clustered by school.
INTRODUCTION
In 2014, approximately 30 million children participated in the National School Lunch Program; 71% of students qualified for free or reducedprice meals. 1 The 2014 Healthy, Hunger-Free Kids Act (HHFKA) required that all students be offered fruit, dark green and red/orange vegetables, low-fat milk, and whole grains and that all reimbursable meals include at least 3 items, including a fruit or vegetable. 2 Since HHFKA implementation, concerns arose that students were not eating enough of the foods offered under the new requirements. Studies on the requirements' impact on healthy food consumption and plate waste yielded mixed results. One found that third-, fourth-, and fifth-grade students selected but wasted more fruits and vegetables after HHFKA implementation in 2 northeastern US elementary schools. 3 Another study among third-, fourth-, and fifth-grade students observed no significant change in fruit and vegetable waste after implementation in Wisconsin schools. 4 A study of prekindergarten and kindergarteners reported that 43% of food and beverages served were wasted in 2013. 5 These studies and others assessing school lunch programs suggested that diverse factors contribute to food group selection and consumption at school.
6À9
The school cafeteria environment is a critical factor in influencing food selection, consumption, and healthy eating. This was recognized by the Child Nutrition and Special Supplemental Nutrition Program for Women, Infants, and Children Reauthorization Act of 2004, which required school districts receiving federal meal program funding to enact wellness policies, including guidelines for the cafeteria environment. 10 Some of the recommended policies included ensuring adequate time for lunch, appropriate seating capacity, and noise level limits. Whereas every school must have a wellness plan, the school district determines which policies are included and enforced. To date, research on the impact of the school cafeteria food environment found 3 components to be associated with higher fruit and/or vegetable consumption: more accessible healthy food items, 11, 12 the length of the lunch period, 13, 14 and pre-recess lunch periods. 15, 16 This research, however, primarily focused on older elementary, middle, and high school students. 11, 12, 14, 17 Little is known about how the school cafeteria environment influences food consumption by students in kindergarten and first and second grades. 13, 18 Cafeteria environment policies may have the most importance for these younger students because developmentally, they may be more distracted by their environment and need more time and assistance to consume their meal than do older students. 19, 20 Some studies investigated how serving age-appropriate portions and making fruits and vegetables visually appealing may increase a preschooler's consumption of those foods, but this approach has not been used to understand consumption by kindergarten through second-grade students.
21À23 Given the early developmental stage of young elementary students, it is likely that inadequate or disruptive cafeteria environments such as noisy or crowded cafeterias and/or inadequate time to eat may adversely affect their consumption of healthy foods. The main objective of the current study was to examine the association between factors in the physical cafeteria environment and consumption of fruits, vegetables, and whole grains by 6-to 8-year-old students.
METHODS

Participants and Recruitment
This study used baseline data from a subset of schools involved in an impact evaluation of the CookShop program in 2013. CookShop is a Supplemental Nutrition Assistance ProgramÀEducation-supported program of the Food Bank For New York City. It uses classroom-based cooking and nutrition lessons to increase elementary school students' knowledge and consumption of fruits, vegetables, whole grains, low-fat milk, and legumes. 24 The researchers recruited 26 schools for the larger evaluation (16 intervention schools and 10 controls).
To collect the food consumption and cafeteria environment data used in this analysis, 10 of those schools (6 intervention and 4 control) were selected at baseline to participate in a cafeteria observation assessing the cafeteria environment, food selection, and food consumption.
Intervention schools were selected to participate in the cafeteria observation based on anticipated and continuing CookShop participation in 2013. Control schools were selected using propensity scores matching each intervention school with a comparison school with characteristics that predicted a school being enrolled in CookShop. Geographic location and the principal's willingness to have cafeteria observations conducted in his or her school were additional considerations in control school selection.
A total of 382 students participated in baseline cafeteria observations. Environment factors were assessed in each cafeteria by research staff, who observed the 10th student in line from the time the student entered the lunch line until lunch dismissal. Parental written consent and student assent were collected before cafeteria observation as part of the larger evaluation. Ethical approval was obtained through institutional review boards at the Johns Hopkins Bloomberg School of Public Health, New York City Public Schools, and Columbia Mailman School of Public Health.
Study Design
In 2013, as part of baseline data collection for the CookShop evaluation study, cafeteria observation data were collected during 3 different lunch periods on 1 observation day at each of the 10 schools. Fourteen trained research assistants measured food selection, consumption, and plate waste in school cafeterias using iPad digital photography (iPad 2, Apple, Cupertino, CA, 2011), allowing for quick dietary intake data collection with minimal disruption of participants' eating behaviors. Research assistants were tested for interrater reliability by comparing their images of a common sample tray of food before data collection. The cafeteria environment was measured using an observation checklist on the same day as photographic data collection. On average, 7 research assistants and 2 senior research staff collected observation data at each school.
Instruments and Measures
Food selection, consumption, and plate waste. All digital images were taken with an iPad camera feature held at approximately 45˚and 18À24 inches above the lunch tray, without tripods, using Swanson's protocol. 25 Research assistants received a 2-hour training on photographing cafeteria trays. Before each lunch period, each student was informed about the cafeteria observation and was given instructions and a unique number on cardstock, which was then attached to disposable lunch trays. After selecting food, students put trays on a table where pictures were taken of each tray; then they carried their trays to tables and ate. After eating, students were instructed to leave their trays and all waste on the table. Research assistants then arranged the leftovers on trays to ensure visibility of all items in photographs. To improve estimation of consumption, milk cartons were emptied into a translucent cup and sealed packages were opened before post-consumption photographs were taken. Assistants took pictures of each tray and any accompanying waste materials, such as milk cartons or apple cores. Photographs and data on time and date of data collection, intervention site, participant identification, and hyperlinks for viewing meal before-and-after photos were immediately stored on iPads and then uploaded to the iFormbuilder.com (version 3.2, iFormbuilder, Zerion Software, Inc, Herndon, VA, 2013) secure data platform for later analysis. Research assistants also took a picture of a sample lunch tray to enable standardized comparisons of portions served between and among schools and recorded the observation day's menu.
After data collection, the before photos were visually assessed for selection of fruits, vegetables, and whole grains (yes/no) and the number of items for each selected food group. One item represented 1 portion (eg, 1 sandwich equaled 1 item of whole grain and 1 apple equaled 1 fruit item). The after photos were visually assessed using an adaptation of the half-waste visual estimation method by Taylor et al. 26 Instead of amount wasted, this study's estimates were of amount consumed on a 0À3 scale in which 0 = none consumed (100% of the food item was visible in the after photo); 1 = some but not half (50% of the item was visible in the after photo); 2 = half but not all (<50% of the item was visible in the after photo); and 3 = all (0% of item was visible in the after photo). Nonstandard portion sizes, a volume §2 SD of standard, were referred to the study investigator to determine retention in the analysis.
Two graduate students were provided with training similar to the protocol described by Taylor et al 26 on visual estimation of the portion size, which included comparing images of selection and consumption side by side on a computer monitor and were blinded to the other's estimates. Interrater reliability was tested for visual estimates over 10 school visits by comparing visual estimations for the amount consumed of items. Two graduate students and 1 investigator completed visual estimations for 10 student trays. The pairs of investigators' estimates used to test interrater had good reliability (0.85). Discordant estimates between students were settled by investigator decision.
Cafeteria environment. Each of the 10 schools participating in lunchroom observations was assessed using the Cafeteria Observation Checklist based on the 2012 Centers for Disease Control and Prevention School Health Index. 27 In each cafeteria, a trained research assistant completed the checklist by following the 10th student in line. The checklist was completed simultaneously with food selection, consumption, and plate waste observation data.
Research assistants assessed lunchroom seating capacity by observing seating during peak mealtime and reporting from response categories of <50% full, 50% to 75% full, or over capacity (76% to 100% full). Noise level was assessed by observing whether research assistants had to yell to communicate with other researchers standing next to them (within 1 m) (yes/no). Other research indicated that if someone needs to raise his or her voice or yell to be heard, the decibel level of the room is greater than that of a normal speaking voice, which is 60 dB. 28, 29 Research staff were trained during quiet and noisy times to be able to recognize the difference between noise level categories. Consistent with HHFKA, the New York City (NYC) Department of Education School Wellness Policy suggested that schools schedule lunch periods so that students have at least 20 minutes to eat, although the average total length of lunch periods can vary by school. 30À33 To measure the maximum amount of time available to eat during lunch period (time to eat lunch), the research assistants started a stopwatch when the first student sat down and stopped it when students were dismissed from the lunchroom, recording the time in minutes.
School demographic characteristics. T a gg e d P Data from the 2013À2014 school year NYC School Quality Reports (SQR) were used to provide contextual information at the school level, ensure comparability with similar plate waste studies, and adjust for demographic differences between schools during analysis. 34 Percentage of students eligible for free lunch, a calculated ethnic diversity score based on the USA Today Diversity Index, the number of years the current principal had served at the school, and the School Culture Score from the NYC SQR, were included.
The USA Today Diversity Index is used to estimate the probability that 2 people in a group will differ by race and ethnicity. 35 Higher scores (0À100 scale) indicate more diversity. School indices were calculated using NYC SQR racial and ethnic group data. The School Culture Score is a measure of a school's learning environment and expectations for students from staff. It was included to account for a possible association between schools with more positive learning environments and healthier food consumption among students.
Data Analysis
Deidentified lunchroom data were initially imported from the iFormbuilder platform to an Excel spreadsheet (version 15.0, Microsoft Excel, Microsoft, Redmond, WA, 2013) for 400 observations. Eighteen observations were excluded during preliminary data cleaning because they contained photos of lunch from home, doublets, missing before photos, blurry photos, or mismatching codes, yielding 382 participant observations for initial food selection analysis. After photos missing individual food items shown in the before photos were excluded from consumption analysis of the pertinent food group. The researchers used frequency analyses to examine the distribution of food item selection and consumption among participants with complete selection and consumption data (n = 310 fruit; n = 314 vegetable; n = 314 whole grain), and cafeteria environment factors among the 10 schools. Pearson chi-square analysis was used to assess bivariate associations between food group consumption and cafeteria environment variables. For this analysis, food item consumption was categorized as <50% (of a food group) consumed vs 50% consumed among students who selected an item from the target food group. Although data collection for the larger evaluation also measured protein and low-fat milk consumption, this study focused on the consumption of fruits (n = 231 students selected), vegetables (n = 217), and whole grains (n = 230) because protein and low-fat milk consumption did not provide the adequate variation needed for further analysis.
Multivariate logistic regression was used to assess unadjusted associations between each cafeteria environment factor and consumption of each food item. To adjust for demographic and school environment confounders, the percentage of students who were eligible for free lunch, the School Culture Score, the diversity index, and principal retention were included in the final model. Among the 10 schools, variations in these variables were observed (Table 1 ). To account for this variation, the final model was clustered by school. Intervention status was not controlled for in this analysis because in bivariate analyses for the larger evaluation, previous time participating in CookShop was not associated with food selection or consumption at baseline. 36 Results were analyzed using Stata 13.1 (StataCorp LP, College Station, TX, 2013).
RESULTS
Participating Schools
Among the 10 schools, the mean diversity index was 38.0 § 17.6 (Table 1) . On average, 97% § 6.0% of students were ethnic minorities in each school (including black, Hispanic, Asian, or other non-white ethnicities). Average principal retention was 5.8 § 3.4 years. The mean School Culture Score was 91.6 § 4.6. On average, 81% § 9.7% of students were eligible for free and reduced lunch. In the 10 cafeterias observed, 4 had a low noise level, 6 were less than half full, and 5 provided at least 30 minutes for students to eat. Mean time students were seated was 40.8 § 11.5 minutes.
Food Selection and Consumption
Among participants with complete selection and consumption data, 74% (231) selected a fruit, 69% (217) selected a vegetable, and 73% (230) selected a whole grain. Fiftyseven percent of students ate half or more of a selected fruit item, 25% ate half or more of a vegetable, and 43% ate at least half of a whole grain item (Table 2) . Table 2 displays bivariate analyses of cafeteria environment factors with food consumption. Eating 50% of a vegetable was positively associated with controlled noise level (P < .001) and time to eat (P = .02). More students ate 50% of a fruit in less full cafeterias (P = .01) and with 30 minutes to eat (P = .001). Greater whole-grain consumption was positively associated only with time to eat (P = .001). Table 3 displays multivariate analysis results clustered by school and adjusted for demographic and school environment confounders. The odds of consuming 50% of a fruit item were 2.3 times higher in less crowded cafeterias (odds ratio [OR] = 2.3; 95% confidence interval [CI], 1.03À5.3, P = .04) and twice as high in cafeterias where students had 30 minutes to eat (OR = 2.0; 95% CI, 1.1À3.8, P = .02). Fruit consumption was not significantly associated with noise level. Vegetable consumption was significantly and positively associated only with quieter cafeterias (OR = 3.9; 95% CI, 1.8À8.4; P < .01). Finally, the odds of greater whole-grain consumption were significantly associated with all measured cafeteria environment factors. Specifically, the odds of consuming whole grains were 2.7 times (OR = 2.7; 95% CI, 2.6À4.7; P < .01) higher in quieter cafeterias, 3.3 times higher (OR = 3.3; 95% CI, 1.9À5.6, P < .01) in less crowded cafeterias, and twice as high (OR = 2.1; 95% CI, 1.003À4.2; P < .05) when students had 30 minutes to eat.
Consumption by Cafeteria Factors
DISCUSSION
This study identified 3 indicators to understand how the physical cafeteria environment may influence food consumption. Analyzing fruit, vegetable, and whole-grain items rather than a full plate helped to distinguish environment factors that may influence food consumption decisions for unique items. The results indicated that although young elementary students may select more nutritious fruits, vegetables, and whole grains in the cafeteria, they often consume less than half of the food items they select. These results are consistent with similar research. 17 In a study of daily plate waste among kindergarten students, Byker and colleagues 4 reported 51.4% of vegetables were wasted, followed by the main entree (51.0%), milk (45.5%), and fruit (33.0%). The associations between physical cafeteria factors and consumption of different food items demonstrated in the current study's results suggest that physical factors in the cafeteria may have a role in the amount of food a student eats. Researchers evaluated each cafeteria factor independently from the others because there was some correlation between factors such as noise and overcrowding. Further research on the cafeteria environment could benefit from (19) .02 20 (27) . 001 30 78 (68) 33 (33) 79 (50) a Number of students who consumed at least half of selected food item; *Significance at P < .05, Pearson chi-square analysis. CI indicates confidence interval; OR, odds ratio. a Odds ratios were clustered by school and adjusted for the percentage of students eligible for free lunch, number of years the principal was at the school, the School Culture Score, and the ethnic diversity score; b Number of students who consumed at least half of selected food item; *Significance at P < .05.
considering how multiple factors occurring together may affect consumption. When adjusting for school-level demographic characteristics, having a crowded cafeteria appeared to have a negative relationship with fruit and whole-grain consumption but no significant association with vegetable consumption. Contrary to other research that observed higher fruit and vegetable consumption when students were given more time to eat, this analysis revealed a positive relationship as statistically significant only for fruit and whole grains, in which a student was more than twice as likely to consume half or more. 14 Cohen and colleagues 13 reported that students with <20 minutes to eat lunch consumed 12% less of their vegetables compared with students who had at least 25 minutes to eat lunch; however, fruit consumption was not associated with time to eat lunch.
Considering that food consumption was measured as a percentage of the item consumed, assessing whether students ate any amount of a food may yield different results. It is possible that few students ate half or more of certain foods because the portion sizes were not appropriate for the younger age group. Uniform portion sizes across grade levels may lead to food waste among younger students; however, differentiated portion sizes by grade level are not mandated. 37 Differential portion sizes were not measured in this analysis but warrant further investigation.
The data for this analysis came from a subsample of a larger evaluation. Initial power calculations were diminished owing to the smaller sample. Because of difficulty collecting demographic data from all of the students observed, this analysis did not account for individuals' demographic variables. Including SQR variables clustered by schools attempted to adjust for these factors. Although this analysis did not measure students' personal food preferences, it was assumed that selection reflected preference, because according to NYC Schools' offer vs serve policy, students were not required to select a food they did not want.
Collecting cafeteria plate waste data in an elementary school was challenging. Some students switched unique number labels or threw away their trays before researchers could photograph them. This limited sample size and introduced possible bias among students who followed directions and provided complete data. During data collection, reliable mobile phone decibel meters were not available. Therefore, an alternate acceptable noise level assessment recommended by the American Academy of Audiology 29 was used. Finally, because time to eat represented the maximum time available to eat during lunch, depending on their position in the lunch line, some students would have had less time to eat.
Strengths of this study were that it was one of the first to use digital photographic images to collect school plate waste data. This research fills the knowledge gap concerning the relationship between the physical cafeteria environment and consumption by younger students. It uniquely sheds light on those environmental factors that may have a role in food consumption among the youngest students, who are still developing their eating habits. Finally, the data analysis adjusted for demographics and school environment characteristics among participating schools.
IMPLICATIONS FOR RESEARCH AND PRACTICE
The results suggest that if they are implemented and enforced, changes to the cafeteria environment mandated in wellness policies may reduce plate waste. When considering reauthorization of HHFKA, stakeholders must consider policies about the cafeteria's physical environment. For example, to ensure adequate time for young students to eat, policies could increase time to eat or lunch line efficiency. Acknowledging the environmental factors may particularly affect younger students owing to their developmental needs. Recognizing also that young students are often distracted by noise and crowded conditions, to improve healthy food consumption, administrators could consider implementing policies that schedule to avoid overcrowding and employ staff in the cafeteria to minimize noise. Without such changes, children may continue to take their food but not eat it.
